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(71) USA *iJ7tA-=7 OXf^fa-h * 

7*U#-&#B 91125 *'J7*;^7 
*H /Wt^J- ;*— )V 3— H 210-85 

— H 1200 

(72) f8W# /WW- V->-?- IA 

7;*U#-&#B #>J7*;Pr:7*N 
91125 JVFrlr 138-78 

H 1200 AU^/l^T -f >X5V^- 

(74)ftl!A W2«) 



(54) cssw©***] a^i6&^-rs^Dh>e^ 



(57) mm 



— V 



(2) 43* 2 0 0 2- 5 3 6 7 8 7' 



[«*#«3] SftlEH»»«-»fi^«^M, Hb. (xot ) c -efcst**: 

4 ] mm t « 3 ^y-cfi 4 -c* *n*« 3 ick«<dbi 0 

[»*JS5] «[1BH*IM*»W:— «** $ C s a Hb (XOt ) c -e&Sffi 

[»*3S7] lifflEMteC sT*feS.»*:i54^tB*^IKo 

[|**JS8] HUf2MfiNH4 -C*>5l»*3fi4^fB*fc^l»o 

[IS*3S9] HUfE@*»H^ s M« Hb (XOt ) c • nH 2 OT*fc5ff 
>R3l4(C|B^(7)^ 0 

im^mi o] HSsax«p-cfesii!5RjS4^gE«6(7>fflio 

[»*JSi l] ituKBffcKteC sH 2 P04 ■cfc6l**3S3(c|a«(01R 0 

[»*3ai2] afitE@(t:Kfic s s (hso 4 ) 3 (H2PO4) 2-cS) 

6ft^3l3^fE«c^ 0 

[is*3Si3] fflrKH**f4Cs2 (hso 4 )x (H 2 po4 ) y -cs>. 

[»3ftjSl4] MGi(NtliC's3 (HS04) 2 (Hi. 5 (SO. 5 

po. 5 ) 04 ) T'h%m^3icfzm<nim 0 

[fft*3Sl5] ilEiMfiCssHa (S0 4 ) 4 •xH 2 Otfc5If 

[ff*3Sl 6] HUlE@flc»«T 1 HS04 T'fc£ff*Jl3^fegt<7>jIl 0 
[«*3S17] MBi»SaCsH (Se0 4 ) x t?fe5»3ftJl3lCtE* 

[»*3S18] MGi(W(j:Cs2 (HSeOO (H 2 P0 4 ) 
SI* 3 ! 3 (;LfE«Offll 0 



(3) &m 2002-536787 



9] wimmfcmte (nh 4 > 3 h (so 4 ) 2 Tfcs»*«3 

[W*JI2 0] fJIEHffKtt (N H 4 ) 2 (HS04 ) (H2 P04 ) t* 
[IS^3S2 1] BuflEH*»ttRb3 H (S04 ) 2 T-*>S«*«3^fE*6 



[B*92 2] IteimiiRbsH (Se0 4 ) 2 -Cfc 6fjf ^ 3 tC|E 

[»3ftJS2 3] ffiGHftttttC s 1. 5 L i 1. 5 H ( S O 4 ) 2 T*£>£ 

[M*«2 4] iEB#»HCs2 Na (HSO4) 3 T-fc5»*S3lC 

[fjt*S2 5] 8u|E@«:»ttT 1 Ha (SeOa) 2 T'fc 3 [CfE 

[»3fcJg2 6] «rfB@flc»ttC s H2 A s O4 -O*5»#*3fcK«0>Bt 

o 

[Sf#Jf2 7] HufiEHffflSf* (NH 4 ) 2 (HSO4) (H2ASO4) 

^*5»#*3f;iK*W>Bk 

[»*JS2 8] ffiESMUCaNaHS i 0 4 t?fcS» 3 fcHE*<D 

Bio 

«a» ft 5 st* « 3 (cts«c^^ 0 



flMBBfrKWH-tt— «**SM. Hb (XOt) cT**>9, ^ t te3£fcte4 
T'fc <9 , S(rlEMtt**H, Li, Be, Na,Mg, K, C a , Rb, S r , Cs 



(4) ft&2 0 0 2- 5 3 6 7 8 7" 



[RM3 4] ttCHfmtl. KiM«ifB2««4:<olB-e«^o h 

JS 3 3 ^IE««>*jfeo 

[IB*«3 5] WEHffHWS-tt-jRa^M- Hb (XOt ) c -e*>*» 

*JS 3 3 lC|E«^*fea 

[«*3S3 6] mJlEMtiC sTfc6f#^il3 5 fc!Ett<B#ifco 
[»**3 7] SBEMttNH4 + -C£>5f#*f 3 5tC|att<^*»o 

[»#S3 9] BfflE:/* hvtt«3|»«»rt^fi*Sit6W**3 3 ME* 
[»*S4 1] HUte^n h^fi«W-fe/H^t?e*§n5i»**3 3(^ffi^ 

[»*3S4 3] hyfiiB-efcot : 

IHM4 4] mta«igffl^w i/y*±*» : ptf«>6i»**4 3^ie«o* 



(5) 2002-536787 



iw**4 5] mmmwmumt. ^mmmxm^tj h^mm^m** 

[»*«4 6 ] *9IEHft:K*t»tt*7K«ttH**»»T*&5i**3l4 3 



[»*:*4 7] ffi|Bi«^ttiB»«L^te>Si*»^-C*>-5»*«4 4 WE 

4 4^IEtt<^BIo 

5 0] i!uiE«ig/fl'M * y^-e 4 3fcfEgc 

o 

[»#E5 2] iria*itffl^ v^r±m*w^ie»tt-e*><5iii*:«4 3^ 

itmms 3] «ria«3Bffl^>f ^^iiw«tt-c*>6»**4 3 ^iehsou 

o 

[it *^ 5 7 ] mrnmmm^ ^mm*m<< ©isftftttfti: «t 

otM £ ^Xfclf 5 3 fC|E«0^ 0 

[Sl*«5 8] «re*5Sffl^>T^^tt^-f*«r*tr»*3«4 3 (cfE*c<7)flil 

o 

4 3 fCfiEft^Ko 

4 3 fctatt(7>j^ 0 

[H3RIS6 1] ffirlBBttfittt* -«**SM. Hb (XOt ) c T*£>«9, 
BijfSM*t£Hi, Li, Be, N a , Mg, K, C a , Rb, Sr. Cs, Ba 



(6) 2 0 0 2 - 5 3 6 7 8 7" 

, Te, ^fcfiNH4 ' + ^P>«5^-^fe»»»"^*>?>* 
mmxmm. Si, P. S, As, Se, £fcttTe 

[IS*3S6 2] WEMliC s-C*>S»**6 li-IE^cOBIo 
[ft**6 3] mlfiBXttS i X'frZtmme 1 tClSScCOflio 
[»3R3S6 4] Hfj|EMfiNH4 + -?#>£f*#JS6 1 ^!E*c<7>^o 

6 6 ] WIS@ff»tt-«-»i=P*»tt"C*>S»** 6 1 i-IS^^fe 
[|»*3«6 7] if4Iitfcot, 

tic 

»*«6 9] «1BH(Ml*m«:-«*^M. Hb (XOt ) c -efclK 
itufSM^Vu— Li, Be, N a , Mg , K, C a , R b , S r , 

Cs, Ba, Tl, it(iNH4 + j&ifejSS^U— :/j&»kWW»"CS> B > 
SftEXWfi-tt. Si, P, S, As, Se, £fcttT e*»bJ*S^— 

[W**7 o] «ft{b^««^fHBi*s-e*>o-c, 



(7) &m 2002-536787 



^frfit** 7 0 (clEigcO^o 

[ft** 7 4 ] fiufey p h v^^^^ff ** 7 2 

[ft** 7 5] *(HBH**W»tt— **35 S M. Hb (XOt ) c -efcfl, 
itulSM^A—^f 3, Li, Be, N a , M g , K, C a , R b , Sr. C s , 

B a , Tl, |fdiNH 4 + ^«5^>^bWTOT^^ 

HUfaXWSi*, Si, P, S, As, Se, * fcttT e h$LZ> >f !\>— 

^»»-?*>Si»**7 4 {CfS^O^fe 

[if** 7 6] H*»tt»)&*&****vfe^o hyitT-^m 
[ft** 7 7] SftiaH*»tt"»tt»S«a«t?jli^n hV'te^dSpTflBft^^ 

^■efcSBt** 7 6 {C|E*COlKo 

[1***7 8] flWEHftiM*»tt— «*^M. Hb (XOt ) c -CfcSai 

**7 6(CfE*^lRo 

[if** 7 9 ] WEHff»«-»ttHff»tt»-e*SBI**7 6 tc|B*o 

[§l!**8 0] fflr«EXtt^r>f»«r*tf 111**7 8^|E«Ojg 0 

[If** 8 1] H^, «EHttM#ft©fcft(0^ ^^trf*** 7 6 

[ft** 8 2 ] mJ|E^-r ^te*®^£^frif ** 7 6 ^iBtt^JKo . 

[If** 8 3 ] *ft1E#«»»ttW«ttiB^«r*tp|»**8 2 (CIS^O 

Mo 

[ft** 8 4 ] ttK#«*tfi-ttA*tt»*'a-tpBI** 8 2 KK«c<£>ffllo 

[ts**8 5] ffimmft&ttm*&&m*mm>?&m^zm&m7 eizm 

[ff**8 6] H 2 SrfibcDW-ftd^^HI'f S^fe-CfcoT. 



(8) 



[»#I8 7] zf* Fy|s»fcot, 

[If *JS8 8] UECs^©l*»ft Csa (HS04) 2 (Hi 

.5 (So. 5 P0.5 ) O4) , CS3 (HSO4) 2 (H2 PO4 ) , C S 
5 (HS04) 3 (H 2 PO4 ) 2 ^fcteC S2 (HSO4) (H 2 PO4 ) C 

sHS04, CsHSe04|f:HCs5H 3 (SO4) 4 •xH 2 0(7)loT' 

[fit^*! 9 1] Fy^ilt-fcot, 
NH 4 ^<7)[§^W£f£, 

9 1 ^mm<om 0 

[ff*Jl9 3] BJ|E@*B(t CsH2 P04, Css (HSO4) 3 ( 

H2PO4) 2, CS2 (HSO4) (H2 P04) , CS3 (HSO4) 2 ( 
H 2 PO4) , CS3 (HSO4) 2 (Hi. 5 (SO. 5 PO. 5 )0 4 ) > 

C s 5 H 3 (SO4) 4 'xH20, T1HS04, CsHSe04, Cs 2 ( 
HSe0 4 ) (H2 PO4) , CssH (Se04) 2, (NH 4 ) 3 H (SO 
4)2, (NH 4 ) 2 (HSO4) (H2 PO4) , RbsH (SO4) 2, R 
b3H(Se04)2,Csi.s Lii.s H (SO4) 2, Cs 2 Na (H 
SO4) 3, TIH3 (Se03)2.CsH 2 As04, (NH4 ) 2 (HS 



(9) &m 2002-536787 

0 4 ) (H2ASO4) , T e O4 N lf;(j:CaNaHSi0401 oT*&£fS 

[§f^Ji9 4] h>temm^&m£thZ>-f$7£&MA hb s i o 4 <n 

9 4 (C|SicO^ 0 

[If ^119 6] HUlBd^^C a Na HS i CU , Cs 3 HSi04 £fc 
(NH 4 ) 3 H S i O 4 (7) 1 0T*fo6ft^:3S9 4 t-|S«(7)fl^ 0 

[it^9 7] h>mmmv#><DX. 

[ff*3S9 8] HUlS^^>'yii#HPLter^5IS^9 7*Cffi*<B«Bo 

[»*«9 9] t«fc*»t«r«fflt5*ft-C*or, 

umm 100] Hi-, tufs^ffl-r 5 r t (Dfu^mjiE@^co@^^^ 
ion mmmft<Dmftm{t&m*mm&*tz&mmy 

[IS*® 10 5] tfrtB'M V^fiift#^T-fc5ffli#JS 1 0 4 K 



(10) 



1 0 4JC|E«^*jfe 0 

0 4 (CfEgtO^fe 

10 8] *«ft*»«*r»fM-6**6-e«>or, 
-K^Ma Hb (XOt ) c (Z>H»»W»*r*6ffl't'-5IK*r*ja-r6w <h t. 

112] flU • IM^^Mt^^t'feot, 

ii^^i^^Ma Hb (xot ) c <nmw&*'&txi&&m7 >( ^j** 

[»#Jgi l 3] HffK^iB^^ftWltttS 0/5 or-fe^lS^i l 

[it^rii i 4] Mmmmty^yrJ hmxh^mmi i 2tcie*<£> 

3 3 MlEitO^-fe, 



(11) 

[0 0 0 1 ] 

*tb«i, xmfommx'hz. 1999*1^22 Bmm<ome 0x116, 

7 4 1 # ; 1 9 9 9^8^20 ffili^gl 60/146, 94 6f ; 1 9 9 9*8 
M 2 BttJJBtf>»6 0/14 6, 9 4 3f ;^J;t;i 9 9 9¥8^30 BttiSjlCDfg 
6 0/151, 8 1 1 ^ ; <7)#A£9*#-r5 0 
[0 0 0 2] 

t'fc^ ^9 6- 5 17 (U. S. C. 2 0 2) tf)^Jg(C#§oT, 
U/c 0 

[0 0 0 3] 

(solid acid) Sr^OHti-CffifflLT^^ttS^'n h 

[0 0 0 4] 

[**] 

[0 0 0 5] 



(12) 



m 2 0 0 2 - 5 3 6 7 8 V 



[0 0 0 6] 

[0 0 0 7] 
[000 8] 

sn, **i*»e>-»fls** (co) a******,. «v^»»««i~0W&s*t5. 

[0 0 0 9] 

M.m^9 ( TDMFCj ) !i> ^^/-/p/TkroSP**^ 

*H#fF^5, 5 5 9, 6 3 8*KE«**fCV^*. 3 ^<75V^ 

[0 0 10] 

J«H«*KifiV«-C«fM-*«S»«*ffliW»4:l--C, (Nafion 
) {%MfeWt) ^tt<0i&7 (perfluorinated sulphfoni 

c acid polymer) 3 t «W>*fqJ«#*fc, H >«*tt 

7K^ (polyhydrocarbon) X,U*VSIfih»^ fe.fcl^tfbferoS^fcroMfcfc'fe 



(13) #^2 002-536787 

t » 

[0011] 

fclcii, «ft&Joffi*L*v*£ i o ot^a: £as-c#fci\ Ld>u (h 
l*<Z>*ME«i*«:il5«), -BMtR* ( rcoj ) tc^-r-Sftfe^fF^S^r^Ji^-tir-S 

[0012] 
[0013] 
[0014] 

7k*#»0#i5P-cr±, /phyf^l^^r, **^co^<t^/*^«c 

fc3fts#v^ ^7^l>^tt**»^J-»Lra«ttSr«rois, —»«jfc«^ coffin 
[0015] 



(14 ) #S 2002-53678 7* 

[0 0 16] 

b (XOt) c JfcttM. Hb (XOt) c • nH2 Ot'fcSlH^, 

Mfi, Li, Be, N a , Mg, K, C a , Rb, Sr. C s , Ba/TK 

Xtt, Si, P, S, As, Se, Te, C r *5 .fctfMn ?A<>-7V 

a, b, c, n*3j-tftK*. ^T3ll»-e&5o 
[0 0 17] 

[0 0 18] 

iW^^I^^Ph^S^o, V^SS^Ph^tt (superproto 
nic phase) ^^t^@ti@*^fc5„ 
[0 0 19] 

[0 0 2 0] 



(15) #^2 002-536787 

[0 0 2 1 ] 
[0 0 2 2] 

iMO-WiMa Hb (XOt) c 'nH2om:^stt 

::r-: 

Mf2, Li, Be, N a , M g , K, C a , Rb, S r , C s , B a , T 1 , 
Xfi, Si, P, S, As, Se, Te, C r ^it/Mn^^S^-^t 

a, b, c, nioj:r;tiititr\ l< i* 3 £*:te4 tut, 
t?o 

[0 0 2 3] 

ttJTtt, H 2 S0 4 <D£ 5ftii»co«<z>f£R£C s 2 S0 4 SjWJ: 9 

fl«tDfb**wt, trt< r 

[0 0 2 4] 

— JRWM, HflsS?tt, »*T^^-^(oxyanion), #J;tte\ SO4 , SOa , S 
e0 4 , SeOa, Si0 4 , PO4 £fcf3:A s 0 4 t$X*ffif$L£tl, Ztlhte. 
0-H-07k*3S^^Lr*«Cje-&^ixSo rcDlfitfi, XCU ^fcteXOa 

[0 0 2 5] 



. . (16) 2 0 0 2- 5 3 6 7 8 7" 

tt^HlffeflfijfiC sHS04 -e*>«9, r*xfiCs 2 SO4 (il^coik) i:H 2 s 

04 m^<om) b<D^mx-&>z> 0 z<om&. h*»{±o. 5c S2 so 4 *o 

. 5H 2 S04 fc»< Cfc*s-e#6o 8U<D*llS«tt, ^ICt^i^OTtt, 
1. 5Cs2 SO4*0. 5H2SO4 CsaH (S04 ) 2 bt£Z>o 

[0 0 2 6] 

CSH2PO4, CS5 (HSO4) 3 (H2PO4) 2, CS2 (HS04 
) (H2PQ4) , CS3 (HS04) 2 (H2PO4) , CS3 (HSCU) 

2 (Hi. 5 (SO. 5 P0. 5 )04),CS5H3 (SO4) 4 'XH 2 0 

,TlHS04,CsHSe0 4 ,Cs2 (HSe04) (H2 P C>4 ) , C s 

3 H (S e04 ) 2 % (NH 4 ) 3 H (S04 ) 2 , (NH 4 ) 2 (HSCU ) 
(H2PO4) , R b 3 H (SO4) 2, R b 3 H (Se0 4 ) 2, Csi.5 

Lii.5 H (S04 ) 2, Cs2Na (HSO4) 3, TlHs (SeOs) 
2n CsH 2 As04 (N H 4 ) 2 (HSCU) (H 2 As0 4 ) s CaNaH 

5 i 04 -C$)5o 

[0 0 2 7] 

wr, cs 2 (hso4) (H 2 P04) m^&m8t&EL&-etbznfBUk&m 

K^oT^U^5% (N H 4 ) 3 H (S04 ) 2 ft, iS^^ h^Sf? 
T-&6^tC#£L^T*&<5 9o CaNaHSi04lt ft^W^Stt^lSt 

[0 0 2 8] 

IE«*tl5@*»^>«0^, mZ-ttC a N a H S i O4 350 



(17) 

[0 0 2 9] 

mt£&t<OB&&te> ^M a Hb (X04 ) c • nH 2 O, £fcfiM« Hb (X 
Oa ) c • nH 2 0-C^X5E*O»KJctt#L-C, ^I:/d h Wfcfc, */ctt 

[0 0 3 0] 

[0 0 3 1 ] 

r (OttWfilttSE WSfflfi -c t> £> £ o 

[0 0 3 2] 

0~ 2 Q ~ 1 cm" 1 tv^SKv^fiSlcS^ftPo «»ttftw<o*l«j*ttttoi« 

[0 0 3 3 ] 



(18) 1**2 002-53678 7" 

[0 0 3 4] 

CSHS04,CS2 (HS04) (H2PO4) , CS3 (HSO4) 2 ( 
H2PO4) , CS3 (HS04) 2 (Hi. 5 (SO. 5 PO. 5 ) O4 ) , 

CssHa (S04) 4 -xH2 0. CsHSe04,Cs3H(Se04) 2 
, (NH 4 ) 3 H (S04 ) 2 , R b 3 H (S e 04 ) 2 ^fc5 B 
[0 0 3 5] 

[0 0 3 6] 
[0 0 3 7] 
[0 0 3 8] 

£>6 0 ^wj: 0 fcli^WWcis^"^ h^te*cSt-fo«9. iS 



(19) «p^2 002-536787 

HK«o*tt-e»»cfffti--6J:5*--e#, h 2 oasiitti**ii«+a*rt&tt*iK 

[0 0 3 9] 

mtsxTM^ fcftm&*m*tiim-rz£*)hmmzti:Zo -ry^*^ (Nafion 

£tlZffibL.i/XT&%miT'tem&X*£Z> 0 t£oT, -ryj*^ (Nafion) ( 

h ^ ^ A jfts nftB *c 4 S o 

[0 0 4 0] 

»ffJt5:^s^5. -*fcft*COIi:J:5«ftli:#t5 Pt/Ru fefej«(D 

(Nafion) (Sftffifll) ^-^^*»«»* 9 KV^»«^**J|R»*<DC' 
[0 0 4 1 ] 

Nafion) (Sftfflffi) *fcttffll«)**Pi«»iF-JcX<5< t>co J: «9 fcBSl^ffift* 
[0 0 4 2] 



(20) 2002-53678 7' 

" t 

Xfo*), ^oTiS^* MC^SC t3&S"C#So (Nafion) (£»!SS 

fflJSBtt, -^y^^V (Nafion) (S»iS8D ^-^^Mli^^T^I^'C 

[0 0 4 3] 

ft&m7k&<nW.&i£* *y~/H»»W»W** (Nafion) (Sffi&flt 

) ^^ttBU^WB^WII^LTtt*:**:-*-^, y * y 

[0 0 4 4] 
[0 0 4 5] 

mate, **d^co^ffi^^^*»*i'S^feW7K*»KiK*^i'o 

[0 0 4 6] 



(21) 



[0 0 4 7] 

¥mxhz> 0 m+i*. mmm^moxmcottiam^m^, ^tzxn + t e-tm 

[0 0 4 8] 

&*^&£?Rfc&mibZ>Z.kfcX*gZ>o mVT? ?<DAQ®\X\ &1&m*$L$L 

»c+H2*r»fijs-r<5« ™ftfl=T"m**»sas*an u jER/e#ji<*a. 

i;:J:oTi|X^£ii5#><5C i:3ftS-C#SRJC<0*16«tt, (1) &f$,jfx&Qif&1rZ> 
ThfcCO, ^> (5*c£*;tf^) COTK^m^K : CH4+HzO->CO+3H2 ; (2 
) CO 2 ^J:t/H2^^i-5fc*C0, COCOtK^M^K : CO + H 2 0-*C0 2 + 
H 2 ; (3) H2fc<tO ; S^(7), H 2 ScD#fl?, (4) Hz*? JctfNz^O, NH 3 <0 



(22) 



2002-536 7 8 7" 



ftM ; (4) ?KU fcruv^ro^n^v^ltt**^ ; tektf (5) S^w^fiR 
[0 0 4 9] 

^^APtSA^tit, flfc*<Z>^a4:a^**t6o **#I**:iioTRJ&4&;* 

RlS*A«tttf***RJSU * LT«W{fc^ 

[0 0 5 0] 

[0 0 5 1 ] 
[0 0 5 2] 

mftM (CHS) CS2CO3 £H 2 S04 (D^S^ft^^-T^zK 

'>S (-811%) <Dmm<nik&W>C S 5 H3 (S04 ) 4 • XH2 O (wtLt 

o.^LT/^'b&lCl 8 0°C^J:r/l 0 k p s i T* 1 5#fS]*y f>^^^L/-c 0 C 
HS : PVDF(7)^M:rM 0 0 % C s H S O 4 frb 1 0 0%PVDF£T*£ 1 



(23) 2002-536787 

[0 0 5 3] 

Situ)S^$tL5o 
[0 0 5 4] 

©ffcg? (CHS) C s 2 CO3 <tH 2 S04 <7>{fc^ftttWfi£^rr5;K 
S^fjiSLt ^^y-;^SALT, &£hVt<DC s HS0 4 *3J;t>* 
/>ft 8fi4%) WRHKOffrfrttC s s H 3 (S0 4 ) 4 • xH 2 O (^tlt> 
i^F^ffl^MtS) £r#fc 0 Bfr»t. Buehler. Inc. ^^Castoglasi: 
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